► arthroplasty registry ► hip arthroplasty ► knee arthroplasty ► medical device Abstract Purpose Arthroplasty registries have an important role in improving outcomes in joint surgery. As the demand for joint arthroplasty continues to increase, growing attention is being paid to the establishment of national registries, which contribute to the enhancement of the quality of patients' care. Indeed, providing postmarketing surveillance data in terms of safety and effectiveness of medical devices, registries contribute to the best orthopaedic practice and support public health decision making. In this context, a project aimed at implementing a national arthroplasty registry in Italy has appeared to be essential, and the activities performed in the last years have consolidated data collection of hip and knee replacements. Methods Based on a close cooperation among public health institutions, clinicians, and involved stakeholders, the architecture of the registry is built on three pillars: (1) data collected using Hospital Discharge Records (HDRs) integrated by an additional dataset, (2) implants identified and characterized in a dedicated medical devices library, and (3) a federation of regional registries coordinated by a public health institution, the Italian National Institute of Health. Results Besides the organizational structure, statistical analyses on joint arthroplasty from national HDR database (2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012)(2013)(2014) and Italian registry data (2014) are presented. Currently, the institutions participating in the registry on a voluntary basis show 80% of completeness for hip and 58% for knee, and represent approximately 18% of the national volume. Conclusion To make data collection effective, participation should be mandatory and ruled by a national law. Level of Study Level III, observational analytic study.
Introduction
The fast development of joint replacement technology with proliferation of new implant brands and types that largely lack data on their long-term effectiveness requires an objective monitoring of the market, as failed innovation has already been highlighted in the past, 1 and is still a critical issue. 2 New devices are designed and manufactured with the expectation that they will be equivalent or superior to existing products, but unfortunately, this is not always true as reported by a study conducted by the Australian National Registry that showed a significantly worse outcome in 30% of new devices. 3 In Scandinavia, national arthroplasty registries were established in the late 1970s to collect data on implanted devices using revision surgery as endpoint for failure, and these became a solid source of data for health researchers. 4 Centralized data collection allowed rapid detection of worse performing products and easy recall of patients for clinical review; moreover, the participation in joint replacement data collection stimulated a continuous process of quality improvement through feedback from orthopaedic surgeons, manufacturers, and other stakeholders. 5 Since then, data from the Scandinavian registries have become a reference standard for the evaluation of implant survival rates even outside the original boundaries and have stimulated the interest for organizing a national registry in many other countries. 6 However, exporting results and methods in different geographic and socioeconomic contexts raises some critical issues that were not always properly considered in the past, leading to delay of some projects. 7 A national data collection is mandatory to evaluate the national clinical practice and build a local reference, including implants not used in the countries where a registry is available, to stimulate a quality improvement process in the interest of patients, surgeons, and device manufacturers. [8] [9] [10] Currently, several countries have national joint arthroplasty registries with a high level of completeness both in Europe and worldwide (http://www. isarhome.org/links). The European Parliament and the Council, in their proposal of regulation on medical devices, invited the Commission and the Member States to take all appropriate measures to encourage the establishment of registries for specific types of devices to gather postmarket experience and contribute to the independent evaluation of the longterm safety and performance of devices. 11 In Italy, in 2006, the Directorate General of Medical Devices and the Pharmaceutical Service of the Ministry of Health (MoH) charged the Italian National Institute of Health (Istituto Superiore di Sanità, ISS) for coordinating a project to establish a national joint registry, the Italian Arthroplasty Registry (Registro Italiano ArtroProtesi, RIAP).
The aim of this paper was to describe the organization of RIAP within the Italian health context as well as the operating tools and strategies developed for its realization, and to present and discuss the data on joint replacements collected by Hospital Discharge Records (HDRs) and by the Registry.
Methods

The National Health System
In Italy, the National Health System (NHS) is public. It was set up in 1978 (Law 23, December 1978, n. 833) and is based on three fundamental principles, namely universality of assistance, equality of access, and solidarity. Since then, fundamental changes have been done concerning the organizational structure of the NHS. The most important of them happened in 2001 stating that every region (and not the central govern-ment) is responsible for planning and organizing its own health services, including economic decisions, in a situation of absolute autonomy within the framework of the three principles mentioned above.
All the hospitalizations (ordinary and day-hospital admissions) made in all public and private Italian hospitals are routinely collected in the HDR database, a systematic data collection on health care at national level, which includes both demographics and clinical information, such as primary and secondary diagnosis, primary and secondary procedure, type of discharge, hospital length of stay, and hospitalization burden. Diagnoses and procedures are coded using the "International Classification of Diseases, 9th Revision, Clinical Modification" (ICD-9-CM). Data are sent by hospitals to the Regional Health Authority that before the transmission to the MoH is responsible of quality checking. Reimbursement of hospital admissions is provided by the region and computed using Diagnosis Related Groups on the reported main diagnosis. Reimbursements are based on rules established by each region; so, they can differ for the same procedure throughout the country.
Medical Devices Regulation
The 2003 Government Financial Law foresaw the realization of the General Repository (GR) of the medical devices (MDs). It includes all the MDs marketed in Italy and used within the NHS, and is constantly updated by the manufacturers. The recorded devices are classified in homogeneous classes following the National Classification of Medical Devices (CND) developed by the Unique Commission on Medical Devices and published in a MoH decree.
The Registry Project
Since 2000, three Italian regions independently started their regional registry. [12] [13] [14] Meantime, given the patients' freedom to move across regions to get assisted by different healthcare providers, a high interregional mobility was observed, which implies data loss for those patients operated and "registered" in one region and then revised in a different one. 15, 16 The high interregional migration rate and the need to monitor the high number of implanted devices were the main issues boosting the need for a national registry. Therefore, in 2003, an initiative was started by ISS for networking regions, orthopaedic scientific societies, and MoH. 13 In this context, in 2006, the Medical Devices and Pharmaceutical Service General Directorate appointed ISS to lead a national project aimed at implementing a national arthroplasty registry, organized as a federation of regional registries. A Steering Committee was instituted, with representatives from all the involved stakeholders, including public health institutions, scientific societies, biomedical industries, and patients' associations. The model for data collection and MD traceability was designed, tested in the already existing regional registries, and extended to the other regions progressively enrolled on a voluntary basis.
The RIAP project is a research line of ISS; its activities are performed by a multidisciplinary working group consisting of bioengineers, statisticians, epidemiologists, and information technology experts in force at ISS. Surgeons designated by the Italian Society of Orthopaedics and Traumatology and by the involved regions, voluntary cooperate to the project as external consultants. Other stakeholders involved are the National Association of Medical Device Manufacturers, Assobiomedica, and the National Association of People affected by Rheumatic Diseases. All the involved stakeholders, including public health institutions, scientific societies, biomedical industries, and patients' associations are represented in the Steering Committee.
RIAP Data Collection
The data collection flow uses HDR integrated by an additional minimum dataset (MDS), including patients' characteristics, surgical procedures, and information to identify the implanted devices. MDS was developed by a thorough analysis and comparison of the data collection sheets used by the already existing three regional registries. The list of information to be collected, defined for hip and further adapted for knee replacements, include hospitalization code, joint, operated side, type of procedure, diagnosis for primary intervention and revision, previous procedure, approach, fixation, CND code, manufacturer, and device catalog code. Particular attention was paid to the punctual identification of every component of the implant. To this aim, a dedicated library (RIAP MD Library), including catalog code, manufacturer's name, description, CND code, and GR registration code (MD-GR ID), was implemented and continuously fed by manufacturers. Currently, the library includes more than 55,000 catalog numbers of 60 manufacturers available through the RiDi Webservice. Thus, the data collection model consists of two flows, the clinical data collection (green) and the MD identification and characterization (blue) (►Fig. 1).
Since 2007, regions have been progressively enrolled into the project. Currently, data collection actively involves 10 regions of the 11 enrolled and 2 autonomous provinces. Three regions started collecting data in 2015 and two have just been enrolled in 2016 (►Fig. 2). In 2014, six regions and a high-volume hospital of Liguria collected data on hip and knee replacements and two regions collected data only on hip replacements. To respect the regional autonomy, several different ways of implementing the common protocol of data collection were accepted. Regions having an already established regional arthroplasty registry and regions that integrated MDS into their local HDR flow directly extract RIAP data from their existing databases. For the other participating regions, a web application (RaDaR) was developed by ISS to facilitate surgeons in collecting MDS. All the regional coordinating centers are responsible of the linkage between HDR and MDS. The linked data are sent to RIAP through the SOnAR web application (►Fig. 1). ISS accesses all data, whereas every participant can access only its own database. RIAP built an infrastructure to collect and analyze essential data, and return them in appropriate form, thus providing useful information not only to physicians and orthopaedic surgeons on primary joint replacements, surgical technique, and implanted prostheses, but also to manufacturers to strengthen postmarket surveillance. Moreover, manufacturers feeding MD Library receive a feedback on quality control about medical device identification data sent to RIAP.
Until now, three national reports have been published; the first describes the project development and the methodological approach, the second is focused on data collection implementation, and the third is based on the necessity to improve the data quality, essential for enhancing the reliability of the analyses and the rightness of observations that can be drawn (http://www.iss.it/riap).
Informed Consent and Treatment of Personal Data
Patients enrolled into the registry are requested to sign the informed consent form after reading patient's information sheet, including the purpose of the study, type of recorded data, and health benefits of participation. Following the provisions of the law on protection of personal data (Legislative Decree n. 196/2003), information is recorded in anonymous form and used only for scientific research projects. Indeed, subject is attributed an identification code and patient's identification data are never transmitted to the registry; connection between them and the code is allowed only to hospital staff for justified reasons such as data quality control or patient recall. The collection and use of personal data occur in a strictly confidential manner through computer systems and data are protected by an access-controlled system that meets the Italian law requirements. Patient's information sheet and informed consent form were approved by the Ethics Committee of the ISS.
Data Analysis
Data analysis was performed on both the national HDR database, which includes all joint arthroplasties performed in public and private hospitals, and the data collected by RIAP, the Italian registry database, which uses HDR data integrated by additional information essential to describe the procedures and identify the implants. The first analysis was based on admissions that occurred from 2001 to 2014 and provided a general overview of joint arthroplasties throughout the country by mapping volume of activity. Analysis on the RIAP database referred to the data collected in 2014 by the hospitals of five regions, two autonomous provinces and one public foundation participating in the project. Statistical analysis was performed using SAS software, version 9.3 (SAS Institute, Cary, North Carolina, United States) and STATA, version 11 (Stata Corporation, College Station, Texas, United States).
Results
Hip Arthroplasties
The number of primary total hip replacements performed in the Italian hospitals from 2001 to 2014 increased steadily. In particular, elective replacements increased by 44.5%, from 39,144 in 2001 to 56,561 in 2014, with an annual growth rate of 2.9%, while the percentage of hip replacements with diagnosis of fracture of neck of femur (ICD-9-CM code, 820) increased to a lesser extent (42.7%) (►Fig. 3A). Also, hip In 2014, 91,428 primary replacements and 8,069 revisions were performed: 66.4% and 25.4% procedures were detected for total and partial replacements, respectively, whereas, 0.1% procedures were performed for resurfacing. Most of the total hip replacements were due to osteoarthritis (80.9%), followed by femoral neck fracture (14.1%).
Despite a low national completeness, RIAP data reflected the Italian distribution. Indeed, 66.8% total replacements, 27.5% partial replacements, and 5.7% revisions were recorded. In particular, 14,724 were elective total replacements, 1,749 were due to a fracture, and 1,410 were revisions. The mean age of patients undergoing elective total hip replacement was 68 years and 55% of surgeries were performed in females. The most frequent diagnoses in elective total replacement were primary osteoarthritis (87.6%), avascular necrosis of femoral head (4.7%), and dysplasia/ congenital dislocation (4.1%, ►Fig. 4A). Aseptic loosening (acetabular, femoral or both; 41.5%), dislocation (16.2%), and periprosthetic fracture (10.8%) were the most common indications for revision surgery (►Fig. 4B). Patients were mainly operated on the right side, 55.0% for primary intervention and 50.3% for revision (►Fig. 5A); the most used surgical approach was posterolateral, followed by lateral for both primary and revision arthroplasties (►Fig. 5B). Fixation of MDs was cementless for 92.5% of interventions (►Fig. 5C). Concerning the characteristics of implants, the most common articular bearing surface was ceramic-on-polyethylene (52.9%), followed by ceramic-on-ceramic (23.5%), metal-onpolyethylene (21.3%), ceramic-on-metal (0.9%), metal-onmetal (0.8%), and metal-on-ceramic (0.6%).
The analysis of the distribution of the Italian hospitals per volume of activity showed that 45% of hospitals performed low volumes (50 operations per year), particularly concentrated in the southern regions (►Fig. 6A).
Knee Arthroplasties
The number of knee arthroplasties increased sharply over the last 13 years, from 26,787 in 2001 to 62,886 in 2014 (134.8%) for primary replacements (►Fig. 3C), with an annual growth rate of 6.8%, and from 1,269 in 2001 to 4,479 in 2014 (253.0%) for revisions (►Fig. 3B), with an annual growth rate of 10.2%. The revision burden slightly increased over time, from 4.5 in 2001 to 6.6% in 2014. The annual incidence rate particularly increased for primary total knee replacements that doubled, from 46.3 to 103.5 per 100,000 population, overcoming that of hip arthroplasties in 2006 (►Fig. 3D). In 2014, 62,886 primary replacements and 4,479 revisions were performed. Primary arthroplasties were performed almost exclusively for osteoarthritis (96.9%). Even in this case, data collected by RIAP reflected the national distribution with 95.7% primary total replacements (4,726) and 4.3% (212) revisions. The mean age of patients undergoing primary replacement was 71 years, and 70% of procedures were performed in females. The most frequent diagnoses were osteoarthritis (90.1%), rheumatoid arthritis (5.2%), and osteonecrosis (1.1%) for primary replacement (►Fig. 4C). Aseptic loosening of tibial, femoral, or more components (40.7%), instability (15.5%), and pain (12.9%) were the most common indications for revision surgery (►Fig. 4D).
More than 70% of patients were operated on the right side (►Fig. 5D), while the most used surgical approach (>90%) was medial parapatellar (►Fig. 5E). Fixation of MDs was cemented for more than 93% of interventions (►Fig. 5F).
Also, in this case, more than half of the Italian hospitals (54%) performed low volume of activity, particularly concentrated in the southern regions (►Fig. 6B). This scenario was expected, because in the previous years, a greater concentration of knee arthroplasties was performed in the central-northern regions.
Discussion
Arthroplasty registries have shown to be a reliable source of information, providing postmarketing monitoring of devices and improving orthopaedic practice worldwide. 17 In Italy, the registry was developed as federal, thereby respecting the regional autonomy. This means that every region is responsible in selecting the most effective way to implement the data collection in its local context, if all the data requested by the national protocol are regularly delivered to the ISS. Moreover, it is based on a solid network involving all the stakeholders, and the ISS, in its role of reference center, offers the opportunity of sharing knowledge and experience, thereby providing benefits to the whole project. Following this approach, some regions included the additional dataset in their local information flows, incorporating the registry data collection in their regional health system. Moreover, given the unavailability of a Unique Device Identifier (UDI), which should ensure a complete traceability of the implant in case of a product recall, the cooperation with the manufacturers to implement the RIAP MD Library integrated into the registry data collection is crucial. As a future perspective, the development of a UDI system harmonized at the European level 18 will be the best way to ensure effective traceability of MDs in the EU and will support the interoperability of different systems to monitor the use of MDs both at national and international levels.
Completeness and correctness of information included in the registry database are an important issue. Quality control procedures to ensure that the collected data fit with the record layout and meet a set of specific metrics are in development. In 2014, the quality rate (the ratio between the number of records considered in the analysis and those registered in the database) was 95% and 89% for hip and knee replacements, respectively. The total number of procedures recorded in 2014 covered approximately 80% of hip and 58% of knee arthroplasties performed in the regions involved in the data collection. Adherence to the protocol varied among regions, from 15% to 100% for hip and from 18 to 100% for knee; the highest values were reached in the regions where the registry was instituted by law and participation was mandatory or where a promotion of the importance of data collection and motivation of surgeons was made by the regional government. Data collected in 2014 represented nearly 18% of the national volume of activity, 25% for hip and 7% for knee replacements; however, it still lacked the participation of four regions with the highest volumes.
To improve the quality of the collected data, audits are going to be planned to ensure that the information of the HDRs are correctly reflected into the registry. In addition to the already collected data, including measures on Patient Reported Outcomes (PROs) would enhance completeness and significance of data, thereby helping providers to improve quality of life of patients after joint replacement surgery. To this aim, RIAP working group validated the Italian version of the Hip disability and Osteoarthritis Outcome Score (HOOS) questionnaire by a longitudinal study on one hundred forty-five patients enrolled in five hospitals throughout the country and followed for 6 months. In the first phase, PROs data could be collected from a sample of hospitals participating in RIAP based on specific research projects, and only at a later time point, to extend the survey.
To be effective, a registry should include more than 90% of actually performed procedures. 19 As demonstrated by the Canadian Joint Replacement Registry, 20 to achieve this goal, the participation should be mandatory. In Italy, the national registry is still based on voluntary participation. Since its inception, the project has been widely disseminated within the scientific community by participating in the national and regional orthopaedic congresses to stimulate surgeons' participation and make them aware of the importance and the benefits related to the implementation of a national registry. Contacts have been established by the RIAP coordinator with the heads of the regional administrations, and specific technical meetings have been organized involving regional body's officials responsible for the data collection to support the implementation of the registry.
In 2012, the National Governmental Law instituting the registry of MDs for epidemiological surveillance (Law 221/ 2012) was approved. However, the process for its coming into force requires the application of a further law-decree that has been just approved (Decree of the President of the Council of Ministers of March 3, 2017).
As showed by the national HDR data analysis, in Italy, the number of joint arthroplasties progressively increased in the last 13 years. This is in line with a systematic review of the literature based on 24 studies performed in different countries, which found that the utilization rates for total hip and knee arthroplasty increased over the last 2 to 3 decades. 21 With aging of the population and increased longevity, the joint replacements are projected to increase even further, although the rates vary by country due to differences in socioeconomic status, health care delivery systems, patient preferences, and prevalence of osteoarthritis, the most common underlying cause for this type of intervention. 21 The increase in the number of arthroplasties raises some critical issues directly connected to health policies. In fact, if the projections available for the United States 22, 23 and Sweden 24 are applied to our country, the current context of insufficient and further expected decrease of orthopaedic surgeons will probably generate an important unbalance between demand and offer of these kind of procedures. 25 Improving quality and effectiveness of health care is one of the priorities of health policies. Hospital volume represents a measurable variable with a relevant impact on effectiveness of health care. Therefore, there is a need for an accurate evaluation of the available scientific evidence to identify qualitative and quantitative standards of hospital care. Evidence of a positive association between volume of care and outcome was demonstrated for different clinical areas, including hip and knee arthroplasty. [26] [27] [28] In Italy, the proportion of hospitals with a yearly low volume of activity (50 procedures) is quite high, 45% and 54% for hip and knee primary replacements, respectively. This highlights the need that strategies aimed at concentrating these kinds of procedures in medium-to-high volume hospitals should be adopted by the central and regional governments.
Overall, hip and knee replacements were performed with large distribution all over the country; however, referral to hospitals far from the area of residency is still common with massive interregional mobility. Patient interregional mobility continues to be significant and the northern Italian regions are more attractive to the users. 15, 16 Although the national completeness of the arthroplasty registry is still low, characteristics of surgical practice and clinical conditions for hip and knee interventions from RIAP study are quite in line with data of other registries (http:// www.isarhome.org/links).
Arthroplasty registry experience has shown that through the registries, it is possible to evaluate outcomes of total joint replacement providing information on implants survivorship and identifying previously unknown associated risk factors. 17, 29, 30 Registry postmarket surveillance has proven to be a powerful method for detection of increased risk of implant failure. Moreover, in compliance with the industry and the orthopaedic community, registries should ensure that a more cautious approach is used when new technologies are introduced. 17 In this context, together with observational studies and clinical trials, the registries are reliable instruments which can provide policy and decision-makers with objective evaluations, useful to address safe, effective and patient-focused health policies.
Findings included in this article are a valuable snapshot of the Italian experience in implementing the national arthroplasty registry data collection, providing an information platform that will allow documentation on safety and effectiveness in the performance of these procedures over time. However, current results remain mainly descriptive pending high national completeness, long-term follow-up, and survival data on implants. Only the institution of the registry by law will allow to reach high level of completeness and its integration into the health care system will enhance its capacity to bring beneficial effects, influencing the decision makers at all levels.
